KEYWORDS
Introduction
Iron is an essential element for plant metabolism; it acts as a cofactor for various enzymes which directly or indirectly involved in DNA synthesis and respiration. Further, It also work as a cofactor for various enzymes involved in redox reactions such as photosynthesis, respiration, and hormone synthesis (Barberon et al., 2011) . According to Waruna Jinadasa (2013) , Iron is also required for biosynthesis of chlorophyll and the synthesis of iron protoporferin, which is a requirement for synthesis of chlorophyll. Although iron is a common element on the earth's crust but some time it became limiting factor in agricultural production especially under arid and semi-arid calcareous soils when pH is higher than 6 (Fageria, 1990 ).
According to Álvarez-Fernández et al. (2003) iron deficiency reduced the efficacy of photosynthetic and carbon fixation in plants, which ultimately leads to reduced vegetative growth and crop yield. Further, Mikami et al. (2011) reported that photosynthetic apparatus need a large amount of iron and among the available Fe, about 60% of the iron content of Citrus lemon leaf is in the thylakoid; hence, the lack of iron directly affect the amount of chlorophyll produced and will ultimately lead to chlorosis (Hellin et al.,1995) . Tolerant plants may allocate iron more efficiently to its thylakoids under Fedeficient conditions than susceptible plants (Mikami et al., 2011) .
Sometime, plants itself developed a natural strategies to increase soil Fe into the rhizosphere by releasing various organic compounds (Cesco et al. 2010 , Cesco et al. 2012 . Various strategies which was adopted by dicotyledonous and non-grass monocotyledonous plant species for overcoming iron deficiency are (i) Excretion of H + into the rhizosphere by the activation of specific plasma membrane bound ProtonATPases (H + -ATPases, EC 3.6.3.6) from the root epidermal Fe -complex, inorganic Fe -compounds and Fechelates (Abadia et al. 2011) , but among these Fe -chelates are most widely used and effective (Lucena 2003) .
Iron deficiency is a major problem for citrus trees and is associated with level of bicarbonate ions and soil pH (Pestana et al., 2005) . Iron deficiency causes severe chlorosis (interveinal yellow color) evident on the youngest leaves of the plants (Hell & Stephan, 2003) ; this due to decrease in pigments chlorophylls and carotenoids (Val et al., 1987) . Tolerance to iron chlorosis in citrus are varies with the species (Castle et al. 2009 ), some of the tolerant varieties are, rough lemon (C. jambhiri Lush.), sour orange (C. aurantium L.), volkamer (C. volkameriana Ten. and Pasq.), Rangpur lime (C. limonia) and Cleopatra mandarin (C. reshnihort ex Tanaka) while trifoliate orange (Poncirus trifoliate L. Raf.) and its hybrids are sustainable to Fe deficiency (Pestana et al., 2011) .
Iron deficiency caused chlorosis in fruit trees, including citrus trees and decreases chlorophyll synthesis, leaf area, fresh and dry weight of leaves, root growth, initiation of new shoots and flowers, delayed in flowering and fruit maturity, decreases size, amount of fruit juice, sugar content and color intensity (Nijjar, 1990) . It also delays fruit ripening, decreases fruit yield and increases orchard management costs (Jimenez et al., 2008) .
Absence of iron especially in calcareous soils induces several physiological and morphological adaptations in the roots of Poncirus trifoliate, rootstock (Gama et al., 2014) .
To recover from iron deficiency in citrus trees usually FeEDDHA were applied in the soil but it should be repeat every year because quickly this iron becomes immobile in soil (Amiri & Shasavar, 2009 ). Further, application of iron chelate is not a sustainable way to prevent or cure iron chlorosis because of its cost and environmental risks (Tagliavini & Rmbola, 2001 ).
An attempt was made by using organic materials like glassmatrix based, digested vine vinasse and meat-meal as fertilizer to supply Fe and other micronutrients to citrus by Torrisi et al. (2013) . They reported that glass-matrix based fertilizer mixed with digested vine vinasse, will be able to supply adequately micronutrients particularly Fe on long term and reducing the chlorosis symptoms, increasing the leaf SPAD index, Fe concentration and decreasing Fe index and could be used as an "environmental friendly" fertilizer, allowing not only to reduce the use of chemicals (such as Fe-chelate), but also to re-use industrial wastes and organic residues.
Change in agricultural technology is a major factor in modern agriculture and in this nanotechnology play a vital role in agriculture and food production which allows the manipulation and control of the precise atomic or molecular structure of materials on a nanometer scale to provide microparticles with new features and special applications. The development of nanomaterials and nano-instrumentation allows new applications in plant biotechnology and agriculture.
Iron oxide nanoparticles have diverse applications in medicine and biotechnology. Nanoparticles can be covered with organic and inorganic coatings increase the biocompatibility and biofunctional applications (Mahmoudi et al., 2009) . Present study was under taken to evaluate the effect of iron oxide nanoparticles in prevention of iron chlorosis in citrus under in vitro conditions. The applications tested were coated with polyethylene glycol, uncoated nanoparticles and iron chelates (FeEDTA, FeEDDHA).
Material and Methods
The present study was carried out at the Plant Tissue Culture Laboratory of the Horticultural Science Department at Shahid Chamran University of Ahvaz, Iran.
Plant material
Mature and healthy fruits of C. volkameriana were obtained from the orchard situated at the Safiabad Agricultural Research Center in Dezful, Iran. These fruits were surface sterilized by sodium hypochlorite solution (2.5% (v/v)) containing Tween 20 for 30 min, then rinsed with sterile water. These sterilized fruits were cut in to small pieces and their seeds were extracted. The seeds were immersed in sodium hypochlorite solution (0.5% (v/v)) and hand shake for 10 min then rinsed 3 times in sterile water. The internal and external seed coats were then removed.
Establishment of explants on culture media
The explants were cultured on the solid basal salts of MS medium (Murashige & Skoog, 1962) . Five treatments which established in this study were MS medium without iron chelate (Fe free control); MS + FeEDTA; MS + FeEDDHA (Theo et al., 1994) ; MS + uncoated iron oxide nanoparticles (Fe3O4) and MS + iron oxide nanoparticles (Fe3O4) coated with polyethylene glycol. Sterilized bare seeds were transferred to the medium (3 seeds/flask) and incubated in growth chamber at 25°C using a photoperiod of 16/8 h (light/dark). The amount of iron was similar for all iron composition treatments and the values were calculated based on pure iron in the MS medium with FeEDTA.
Various tested Parameters
After 60 days of culture, various parameters such as shoot length, root length, number of leaves (using a leaf area meter: Delta-T Divises LTD UK), degree of chlorosis (according to Mengel 1994) , and amount of chlorophyll a, b and total chlorophyll content (according to Arnon, 1949) were measured. Further, dry and fresh weights of seedlings, shoots and roots as determined after drying at 70°C for 48h was measured by laboratory balance. The iron content of the leaves was measured by atomic absorption spectrophotometry and is expressed as µg.g-1DW (Guzman et al., 1986) .
Synthesis of nanoparticles
Fe3O4 nanoparticles are usually synthesized by reverse micelle, microwave plasma technique, sol-gel method and hydrothermal, microemulsion and thermal degradation of organic metallic compounds. This method was used for synthesis of nanoparticles in the laboratory because it restricts changes in the shape and size of the nanoparticles and produces long-lasting normal conditions (Tavakoli et al. 2007 ).
Toluene was used as a microemulsion reactor, c-tab (C19H44BrN) as the solution emulsion, FeCl3.6H2O and FeCl2.4H2O as sources of iron at 2:1 ratios and butanol as the active surface agent. The size and shape of the nanoparticles was measured using scanning microscopy (SEM: Zeiss EM-10 o C operated at 100 kV; Phillips CM200 operated at 200 kV; Germany). Nanoparticles were spherical in shape, had sizes of less than 20 nm and were stable for more than 6 months in aqueous solution.
Statistical analysis
The experiment was carried out in factorial complete randomized design that included five replicates. The means were compared by using the Duncan multiple range test (p < 0.01). The statistical analysis was done using SAS 9.1 software.
Results

Effect of iron source on various growth characteristics
Result of study revealed the effect of various iron sources on vegetative characteristics of the seedlings grown on MS medium. Seeds cultured on different iron sources was significant at <1% probability. Highest shoot length was recorded from the uncoated nanoparticles while the lowest shoot growth was reported from the control without nanoparticles. Similarly, highest mean number of leaves was also produced from the MS media supplement with uncoated nanoparticles but this was not significantly different from the treatments MS medium with coated nanoparticles and the MS medium with FeEDDHA. Like these two, highest leaf area and root growth was also recorded from the MS medium supplemented with uncoated iron nanoparticles and it was followed by the coated nanoparticles and the MS medium with FeEDDHA while the lowest were reported from the control (Table 1) . No Significant difference was reported between the uncoated, coated and FeEDDHA treatments with respects to growth attributes.
3.2 Effect of iron source on fresh and dry biomass ANOVA for fresh and dry biomass suggested a significant effect of iron nanoparticles particles <1% probability. Like vegetative growth characteristic, highest fresh weight of seedlings, shoots and roots was recorded from the MS medium supplemented with uncoated iron nanoparticles and it was followed by coated nanoparticles and no significant difference was recorded between these two treatments. Among various tested combinations, lowest fresh weight of seedlings and shoots was for the control plants ( Similarly, highest dry weight of seedlings, shoots and roots was recorded for uncoated iron nanoparticles and the lowest was recorded for the control group, but the mean difference between the MS medium with FeEDTA and the MS medium with FeEDDHA was not significant.
Effect of iron compounds on chlorophyll content
Chlorophyll content of the cultured plant were studied and ANOVA for chlorophyll a, chlorophyll b and total chlorophyll content suggested that the inclusion of iron nanoparticles have significant effect at <1% probability. The maximum total chlorophyll content was observed from uncoated nanoparticles while the minimum was reported from the control culture ( Figure. 1) . Mean difference between the uncoated and coated nanoparticles was not recorded significant (P<1%). Similarly, differences between the MS medium with FeEDDHA and the MS medium with FeEDTA was also didn't showed any significant difference. Similarly highest amount of chlorophyll a content was observed for the uncoated nanoparticles and the mean difference between the MS medium with FeEDDHA and coated nanoparticles was not significant ( Figure. 1 ). Similar trends was reported for the chlorophyll b and highest amount was observed for the coated nanoparticles, then the uncoated nanoparticles, but the mean difference between these two was not significant. The lowest value of chlorophyll b content was observed for the control culture ( Figure. 1 ).
Effect of iron source on iron uptake by leaves
Plant cultured on the MS medium supplemented by uncoated nanoparticles showed highest iron uptake, this was followed by the coated nanoparticles and the mean difference between them was not significant. The lowest rate of iron uptake was recorded for the control group. Further, the mean difference between the MS medium along with FeEDDHA and MS medium with FeEDTA was not significant ( Figure. 2).
Effect of iron source on chlorosis of leaves
Highest degree of chlorosis was recorded from the leaves of seedlings grown on culture media without Fe supplemented while the lowest chlorosis was recorded in leaves of the seedling grown on the MS media with uncoated nanoparticles and it was followed by coated nanoparticles. Mean difference between coated and no coated nanoparticles was not significant ( Figure. 3). 
Discussions
This study investigated the effect of various iron source supplemented growth media on the occurrence of chlorosis in C. volkameriana. It was reported that application of Fe in nanoparticle origin are more effective than the application in the form of Fe -chelate and control in prevention of chlorosis. Uncoated Fe oxide nanoparticles were more effective than coated nanoparticles as well as Fe-EDDHA was reported more effective as compared to EDTA in case of chelate source.
All of the highest values for various growth parameters (shoot length, leaf number, leaf area and root length), dry weights of seedlings, shoots, roots, chlorophyll content (a, b, total) and the iron concentration in the leaves of the seedling were recorded from the seeds planted on the MS medium with uncoated Fe nanoparticles. Further, the presence of uncoated iron oxide nanoparticles (Fe3O4) in MS medium decreased the incidence of chlorosis in the leaves of C. volkameriana and it was more effective than the iron oxide nanoparticles coated with polyethylene glycol and Fe-chelates. This improvement in all the studied parameters by using iron oxide nanoparticles may be a result of the high reactivity and mobility of the particles. Results of present study are in agreement with the findings of Saeedi et al. (2016) those who reported similar improvement in the citrus rootstock C. aurantium under in vitro condition. Further, Pander et al. (2000) reported that when size of the iron particles decreased to nano-scale, it increased the number of atoms available for the reaction and increasing the speed of reactivity. (2014) and Amirnia et al. (2014) , those who reported significant improvements in various growth parameters by adding Fenanoparticles. Similar results were obtained by Ghafari & Razmjoo (2015) in durum wheat; Dhoke et al. (2013) in mung (Vigna radiate); Mohamadipoor et al. (2013) in Spathyphyllum illnsion and Soliman et al. (2015) in Moringa peregrine. It was also reported that fruit yield of Solanum melanogena L. increased by foliar application of nano -iron chelate fertilizer (Bozorgi, 2012) .
In plants, Iron is absorbed in the form of Fe(II) and the rate of iron uptake by plants depends on plant physiology and environmental factors. The availability and efficiency of iron uptake is dependent on the degree of ionization of iron compounds and the biochemical conditions that control the rate of ionization (Lindsy & Schwab, 1982) . Several compounds provide electron and redox conditions to the culture medium. Since the magnetite solubility constant in these circumstances is more than 100 times toward reducing conditions in solution maybe stability Fe (II) releases from the surface of the magnetite nanoparticles in solid of the culture medium is depended to biochemical condition of medium. Nanoparticles smaller than 50 nm can physically cross the cell wall and cell membrane and enter the cytoplasm. This can increase availability of iron in the plant without the need for iron ionization and will increase the amount of chlorophyll (Ghafariyan et al., 2013) . According to Li et al. (2005) , releases of Fe(II) from the surface of the nanoparticles depends on particle size of nanoparticles, its surface composition and gradient slope of iron concentration from surface to environment (Li et al., 2005) . Coating of nanoparticles changes the size and composition of the nanoparticles surface and averts fecundity of iron nanoparticles, which changes the release of iron ions from the surface of the nanoparticles (Ghafari & Razmjoo 2015) .
In present study uncoated iron nanoparticles are more effective in providing iron to C. volkameriana. The coating of iron particles increased the size of nanopaticles and decreased uptake and the release of Fe(II) from the nanoparticles surface. It appears most effective way to prevent iron deficiency induced chlorosis in citrus plants in vitro is using uncoated iron oxide nanoparticles (Fe3O4) in medium as iron source. On the other hand, FeEDDHA proved better than the FeEDTA in improving growth characteristics and preventing iron deficiency chlorosis. According to Lucena (2003) properties necessary for effective activity of iron chelate were depend on many factors such as ability to maintain in soil, ability to compete with other cations and also depend on the release and transport of iron and its successful uptake by the plant.
Many standard tissue culture medium contain FeEDTA as an iron source, sensitivity of these iron chelate toward light and replacement of FeEDTA with other iron sources decreases iron chlorosis in many plants. Finding related to the positive effect of FeEDDHA in present study are in agreement with the findings of Andréu et al. (1991) and Lucena et al. (1992) those have reported that FeEDDHA is more effective than FeEDTA. These researchers reported that Fe in FeEDTA can be replaced with Ca +2 , Zn +2 and Cu +2 but it reduced the iron fixation and iron deposition as compared to the FeEDDHA. The stability of the chelated iron prevent the deposition of iron, even at pH > 9 and plants can use this iron more effectively in the form of FeEDDHA and it reduced the degree of chlorosis as compared to FeEDTA (Brown et al., 1960) . The foundation of EDDHA facilitates iron uptake by the roots and movement toward the leaves. This corresponds with the findings for lemon trees, where chlorosis significantly decreased upon application of FeEDDHA (Ortiz et al., 2007) .
Further, Lucena (2003) reported that FeEDDHA maintained iron in the soil solution well without being replaced by another cations or maintaining a negative charge in soil particles. FeEDDHA prevent the iron chlorosis by its ability of chelate and increasing iron solubility. Further, Marschner (1995) reported that FeEDDHA provides more iron to plants, which improves growth and vegetative characteristics. According to Römheld & Marschner (1981) , iron deficiency caused morphological changes in the roots, such as inhibition of root elongation and an increase in the diameter of the distal root and reduces the formation of capillary roots. Similar results were obtained by Erdal et al. (2008) in apple, Song Chen (2004) in grapes (Vitis labruscana), Ferrarezi et al. (2007) citrus rootstocks (Swingle, Rangpur, Trifoliata and Cleopatra) Nadal et al. (2012) in soybean (Glycine max) and Nadal et al. (2013) in Prunus persica.
Conclusion
Based on results of this study it can be conclude that uncoated Fe-oxide nanoparticles are more effective in lowering the chlorosis induced because of iron deficiency, these are more effective than the chelate iron under in vitro condition. Therefore, Fe-chelate can be substitute by Fe-oxide nanoparticles for in vitro proliferation. Although these are effective in reducing iron deficiency induced chlorosis but more complementary investigations required for determine the effects of uncoated Fe-oxide nanoparticles on uptake of other elements as well as their biochemical and toxicity effects in vitro condition and in the soil.
